It has been generally believed that all of the aerobic, non-spore forming, lactose-fermenting bacteria are essentially of fecal origin. Prescott and Papasotiriu found similar organisms on grains, but it, appears from the very careful and painstaking studies of Rogers and his associates of the United States Department of Agriculture that the grain types may be differentiated from the fecal organisms. They demonstrated that the grain strains decomposed glucose with the liberation of two or more times as much CO2 as H2, whereas the bovine fecal strains formed approximately equal volumes of these gases. Later Clark and Lubs showed that in appropriate glucose media the former were alkaline and the latter acid to methyl red. Levine, employing the methyl red and Voges-Proskauer reactions, observed that an alkaline methyl red reaction was correlated with a positive Voges-Proskauer test and that coli-like organisms giving these reactions were not uncommon in sewage, but were presumably absent, or at least very rarely present, in the feces of man, horse, sheep and pig as well as the cow.
Of the previous works on the coli-like bacteria of the soil, those of Houston in England and Konrich in Germany are probably of widest sanitary significance.
Houston examined a number of samples of orchard, garden, pasture and vrgin soils including both polluted and unpolluted areas. He concludes that B. coli or its "close allies" are very rarely or never found in virgin soils, while they are present in large numbers in other soils especially those which have been contaminated from animal sources.
Konrich examined 547 samples of soil in Germany; 65 per cent showed B. coli in from 0.1 to 0.5 gram. He notes that the further away the source was from cultivation the smaller was the proportion of positive results.
In neither of these studies were the organisms isolated differentiated from fecal strains.
The present investigation was undertaken to determine (1) if the methyl-red negative or Voges-Proskauer positive organisms are the predominant coil-like forms in soil, and (2) to study the characteristics of the various types of aerobic lactose-fermenting organisms isolated from soils.
Source of samples. Forty-two samples were studied, including 9 from different parts of a corn field and one from a clover field in Ames, Iowa; 13 from fallow and 11 from cropped experimental plots; 4 from orchards; and 4 miscellaneous samples sent in by the Soils Department from different parts of the state.
Collection of samples. All samples were secured in October and the early part of November, 1915 . The eight orchard and miscellaneous samples furnished by the Soils Department were parts of sample regularly collected for chemical analysis. All other samples consisted exclusively of surface earth collected in the following manner. A sterile wide-mouthed bottle was held horizontally upon the ground, the stopper carefully removed, and 50 to 75 grams of the surface soil (usually from the first inch) was scraped into the bottle with a sterile metallic scalpel or spatula. The bottle was then closed securely, labeled, and taken to the laboratory where it was examined within two or three hours after collection. The spatula or scalpel was sterilized, Letween samples, by dipping in alcohol and flaming.
Technique. Immediately on arrival at the laboratory, the soil was transferred to a liter flask of sterile water, thoroughly shaken, and after standing for fifteen minutes, or long enough to permit sedimentation of the heavier soil particles, various dilutions of the supernatant liquid were plated on litmus lactose agar. Incubation was at 370C. One cubic centimeter was also inoculated into an anaerobic Durham tube of lactose broth sealed with paraffine oil. If gas was formed after twenty-four to fortyeight hours at the body temperature litmus lactose agar plates were poured. From the plates made directly or after preliminary enrichment, acid colonies were fished into standard lactose and sucrose broth and into 0.5 per cent glucose-peptone-dipotassium-phosphate solution, in Durham fermentation tubes. After three days at 370C. gas was recorded and also the methylred and Voges-Proskauer reactions. For the methyl-red reac-, tion 0.2 cc. of the indicator was added to 5 cc. of the glucose culture. The Voges-Proskauer reaction was determined by adding an equal volume of 10 per cent KOH to 2 or 3 cc. of the glucose medium. After standing six to twenty-four hours an eosine-like coloration developed if the test was positive.
Results of preliminary studies The results may be conveniently considered on the basis of the source of the samples under the following heads. Samples from (1) corn fields; (2) fallow experimental plots; (3) cropped experimental plots; (4) miscellaneous samples about which no definite or detailed information was available.
Samples from corn fields. Samples A, B, C, D, E, and H were taken from widely separated parts of a corn field while the crop was still standing. Samples XXXIV and XXXV were obtained from the same field six weeks later; the corn was already in shock. Corn had been grown on this field for three years and manure was last applied in 1913 or two years before-this study. One sample, XXXVI, was obtained from a field of Kafir corn, but no information as to its soil treatment was obtained.
Lactose-fermenting bacteria were obtained from eight of these nine samples. Sixty-six coli-like organisms were isolated. Of these 61 (92.5 per cent) formed gas from sucrose, 43 Upon some of the brilliant green agar plates two types of colonies were present. They were similar in shape and often in size, but one was white and heavy while the other showed a light or opalescent thin growth. Where these two kinds of colonies appeared fishings were made from both.
About 400 cultures were obtained, but as these were too many to handle only 184 were studied in detail.
Characters studied Morphology, Gram's stain, acid production and coagulation in milk, gelatin liquefaction, indol production, motility, the methyl red reaction and production of gas and acetyl-methylcarbinol from various substances were observed.
Morphology and gram stain. Gram stains were made from young (less than twelve hours old), agar slant cultures. Freshly prepared staining solutions were employed and their reliability determined by staining known positive (B. subtilis) and negative (B. coli) organisms. Smears were immersed for one minute in anilin oil gentian violet, then for one minute in Gram's iodine solution, decolorized for five minutes in 95 per cent alcohol and counterstained for fifteen seconds with dilute safranin. All of the organisms studied are regarded as Gram-negative, but it was observed that some were not decolorized as completely as others.
Morphology was determined from the Gram stain. Five of the cultures seemed to contain both long and short rods. All of the others (179) were short rods.
Milk. Acid production and coagulation was observed in azolitmin milk. glucose and galactose, the disaccharids lactose and sucrose, the trisaccharid raffinose, glucoside salicin, the alcohols glycerol, mannitol and dulcitol, and the polysaccharids dextrin, inulin and starch were studied for gas formation and acetyl-methylcarbinol production. The medium for these reactions consisted of 0.5 per cent di-potassium phosphate peptone solution to which was added the test substance. The following quantities of test materials were employed: glucose, galactose and lactose 0.5 per cent; raffinose, dulcitol and salicin 0.71 per cent; sucrose, mannitol, glycerol, dextrin, inulin and starch 0.75 per cent.
The polysaccharids were incubated for seventy-two hours and the other test substances for forty-eight hours at 37°C.
Gas formation was observed in Durham fermentation tubes. Acetyl-methyl-carbinol was tested for by adding 10 per cent KOH solution to an equal volume of the culture and allowing the mixture to stand exposed to the air. Records were made after five or six and after twenty-four hours. The results were recorded as follows: + gas positive, acetyl-methyl carbinol positive; ± gas positive, acetyl-methyl carbinol negative; -gas negative, acetyl-methyl carbinol negative; z gas negative, acetyl-methyl carbinol positive.
Correlation of results
The correlation of the Voges-Proskauer and methyl-red reactions with these purified cultures was more marked than was obtained in the preliminary tests. Of 139 which gave the Voges-Proskauer reaction 132 (95.0 per cent) were. alkaline, 4 (2.9 per cent) were in the neutral tints, and 3 (2.1 per cent) acid to methyl red. Of 134 strains alkaline to methyl red 132 (98.6 per cent) gave the Voges-Proskauer reaction. Of 45 strains which did not give the Voges-Proskauer reaction after fortyeight hours at 370C. 30 (66.7 per cent) were acid, 13 (28.9 per cent) in the neutral tints and 2 (4.4 per cent) alkaline to methyl red. The two alkaline and 8 of the 13 neutral strains attacked the polysaccharids dextrin and starch and were nonmotile, while all of the other Voges-Proskauer negative strains were motile and did not form gas from the polysaccharids. We believe that on longer incubation (five to seven days) these 8 neutral strains would have reverted to a distinct alkaline reaction, and together with the two alkaline cultures would probably react positively for the Voges-Proskauer test.
In table 4 are shown the number and per cent of positive reactions for 177 organisms which formed gas from lactose. Tests which were uniformly negative or positive are not included in the table. With 7 cultures gas formation from lactbse was questionable. These are discussed later in more detail. There, are three distinct and rather well defined groups of aerobic non-spore forming lactose-fermenting bacteria in the soil. The characteristics of these groups, together with that of a small group which we do not feel justified in regarding as distinct for the present, are shown in figure 2 and Characteristics of the groups of coli-like bacteria obtained from the 8oil Proskauer test. Thirty-two are short rods and 3 are presumably mixed as they contained a few long rods as well. Acid was formed in milk by all of the strains and a coagulum was produced in forty-eight hours at 37°C., without heating. note. It appears from this table and from chart 2 that group A is not a homogenous one, but that it may be further subdivided according to the reaction on sucrose, or perhaps, salicin or glycerol. Groups B and B' (B. aerogenes type). Group B includes 44 organisms which give a positive Voges-Proskauer reaction, are non-motile, and practically always form gas from starch. All All strains were non-motile; 2 liquefied gelatin; 1 did not form gas from glycerol, and 1 from starch; all formed gas from sucrose, raffinose, salicin, and dextrin.
equal number of indol-negative-strains, 11 (50.0 per cent) gave gas from dulcitol and 6 (27.3 per cent) from inulin. Similaxly, there does not seem to be any correlation between gas formation from dulcitol and inulin. 23.1 per cent of the dulcitol-nositive and 38.8 per cent of the dulcitol-negative strains gave gas from inulin. We would, therefore, regard the group as a whole as the species B. aerogenes, and the sub-groups formed by splitting of inulin, indol or dulcitol as varieties.
Group B' includes ten organisms which did not give the VogesProskauer reaction but which attacked the polysaccharids very readily. In these respects the group seems to be intermediate TEE JOURNAL OF BACTERIOLOGY, VOL. II, NO. 4 between A and B. The reaction to methyl red was also inconclusive. Two strains were alkaline and eight in the neutral tints after forty-eight hours at 37°C. As has been previously suggested, we believe that the methyl red reaction would become distinctly alkaline on further incubation, and that the organisms would probably also give the Voges-Proskauer reaction. With respect to motility, indol production, gelatin liquefaction, and gas formation from various fermentable substances, the organisms in Group B' are so strikingly similar to Group B, and so different from either group, A The results obtained in this study, using gas formation ap the criterion of fermentation, are well in accord with those of Kligler. There were included in our series seven organisms which did not form gas from lactose. In all other characters they are like B. cloacae. Five of these strawins gave a: positive test for acetylmethyl-carbinol from lactose. Of several thousand tests with coli-like organisms, these were the only instances (except one case of a starch reaction) in which a positive reaction for acetylmethyl-carbinol was not accompanied by gas formation. It is of course possible that some gas was formed, but that the quantitiy was so small that it was entirely absorbed by the culture medium and therefore not apparent in the closed arm of the fermentation tube.
Differentiation of groups. Briefly stated, we may say that group A differs from B in that it is motile, and does not give the VogesProskauer reaction, nor form gas from corn starch. It differs from group C in that gelatin is not liquefied, the Voges-Proskauer reaction is negative, and gas is formed much more commonly from dulcitol and glycerol. The indol reaction is also usually positive for group A but negative for group C.
Group B differs from C in gelatin liquefaction, motility and gas formation from many substances. Group B is non-motile and rarely liquefies gelatin. C is just the reverse. Gas is practically always formed from glycerol, dextrin and starch by the organisms in group B, but only rarelv by those in group C.
Observations on acetyl-methyl-carbinol production from various substances
It was thought that acetyl-methyl-carbinol production from various substances (carbohydrates, alcohols and glucosides) might be an aid in the differentiation of the organisms.
Ferriera, Horta and Paredes indicate that B. cloacae differs from B. aerogenes by its ability to give the "Proskauer" reaction with galactose and mannitol. Their observations are not confirmed by this study.
Levine pointed out that col-like forms which did not form acetyl-methyl-carbinol from glucose (Voges-Proskauer strains) rarely formed the carbinol from other fermentable substances, whereas the Voges-Proskauer-positive strains often gave a positive "carbinol" test with other carbohydrates, etc.
Of 45 Voges-Proskauer-negative cultures 2 gave a positive carbinol test with lactose and 1 with starch. With galactose, sucrose, raffinose, dulcitol, mannitol, glycerol, salicin, dextrin, and inulin the reaction was uniformly negative.
Among In a general way, there is very little difference between the groups B and C with respect to formation of acetyl-methyl-carbinol from galactose, sucrose, raffinose, mannitol, and inulin.
